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ANTENNA FOR RADIO FREQUENCY
IDENTIFICATION TAG

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of

Korean Patent Application No. 10-2007-0102274 filed 1n the
Korean Intellectual Property Office on Oct. 10, 2007, the
entire contents ol which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention
The present mvention relates to an antenna for a radio
frequency identification (RFID) tag.

The present invention was supported by the I'T R&D pro-
gram of MIC/IITA [2006-5-023-02, Development of
Advanced RFID System Technology].

(b) Description of the Related Art

A radio frequency identification (RFID) tag 1s used in
various fields such as distribution and material handling
industries, together with an RFID reader.

When an object to which the RFID tag is attached accesses
a read zone of the RFID reader, the RFID reader transmits an
interrogation signal to the RFID tag by modulating an RF
signal having a specific frequency, and the RFID tag responds
to the interrogation of the RFID reader.

That 1s, the RFID reader transmits an interrogation signal
to the RFID tag by modulating a continuous electromagnetic
wave having a specific frequency, and the RFID tag transmits
back the electromagnetic wave transmitted from the RFID
reader after performing back-scattering modulation in order
to transmit its own information stored in the RFID tag’s
internal memory. The back-scattering modulation 1s a method
for transmitting tag information by modulating the amplitude
and/or the phase of a scattered electromagnetic wave when
the RFID tag transmits the electromagnetic wave that 1s 1ni-
tially transmitted from the RFID reader back to the RFID
reader by scattering the electromagnetic wave.

Since a passive RFID tag does notinclude a separate opera-
tion power source, it rectifies the electromagnetic wave trans-
mitted from the RFID reader and uses the rectified electro-
magnetic wave as 1ts own power source to acquire operation
power. The intensity of the electromagnetic wave transmitted
from the RFID reader should be larger than a specific thresh-
old value for normal operation. However, since the transmis-
sion power of the reader 1s limited by local regulations of each
country, it 1s not possible to unconditionally raise the level of
transmission power.

Theretfore, the RFID tag should efficiently recerve the elec-
tromagnetic wave transmitted from the RFID reader to extend
the read zone without ralsmg the transmission power level of
the reader. A method for raising the receiving efficiency of the
RFID tag 1s to perform complex conjugate matching of an
antenna and a radio frequency (RF) front-end of the RFID tag
chip so as to maximize the intensity of the signal recerved by
the RFID tag.

A conventional RFID tag will be described in detail with
reference to FI1G. 1.

FIG. 1 1s a configuration of a conventional RFID tag.

As shown 1 FIG. 1, the RFID tag includes an RFID tag
chip 10 and an RFID tag antenna 20 (hereinatiter referred to as
“an RFID tag antenna’) for an RFID tag.

The RFID tag chip 10 stores information on an object to
which the RFID tag 1s attached, and modulates the amplitude
and/or the phase of an electromagnetic wave transmitted from
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2

an RFID reader for transmitting the information of the object.
The RFID tag chip 10 modulates the amplitude and/or the
phase of the wave by controlling the amount of power through
input impedance, and includes an RF front-end that has input
impedance.

The RFID tag antenna 20 scatters the electromagnetic
wave that 1s modulated by the RFID tag chip 10. The RFID tag
antenna 20 includes a dielectric material 21, a feed loop 23,
radiating patches 25, and shorting plates 27.

The dielectric material 21 1s rectangular-shaped with a
relatively low dielectric constant, and a bottom surface of the
dielectric material 21 1s a ground surface that contacts the
object.

The feed loop 23 1s formed 1n an upper surface of the
dielectric material 21, and 1s electrically connected to the
RFID tag chip 10 so as to supply power thereto.

Each of the radiating patches 25 1s formed 1n the upper
surface of the dielectric material 21, and excites a current
having an out-of-phase characteristic by using a current flow-
ing through the feed loop 23 and radiates the excited current.

Each of the shorting plates 27 1s formed on a part of a side
of the dielectric material 21 and connects the radiating
patches and the ground surface. That 1s, the shorting plates
disconnect the radiating patches 25 and the ground surface.

Generally, 1n an RFID system including an RFID tag and
an RFID reader, transmission power of the RFID reader 1s
limited by local regulations of each country. Therefore, 1n
order to extend a read zone of the RFID reader, the RFID tag
antenna should have high efliciency, the RFID tag should
resonate at a corresponding frequency, and the RFID tag
antenna and the RF front-end of the RFID tag chip should be

complex-conjugate matched.

However, the conventional RFID tag shown in FIG. 1 1s not
provided with a method for controlling impedance-matching
of RFID tag chips that have various impedance characteris-
tics.

Further, there are difliculties in miniaturizing the RFID tag
antenna and reducing cost.

SUMMARY OF THE INVENTION

The present invention has been made 1n an effort to realize
a small antenna for a radio frequency identification (RFID)
tag, and provides a RFID tag that can be attached to a metal
material.

To achieve the above-described objects, according to one
exemplary embodiment of the present invention, an antenna
1s for antenna for a radio frequency i1dentification (RFID) tag
having a RFID tag chip, and includes a dielectric material, a
radiating patch, and a feed loop. The dielectric material
includes a first side that 1s adjacent to an object, a second side
that 1s parallel with the first side, and a third side that connects
the first side and the second side. The radiating patch 1s
formed 1n a part of the second side of the dielectric matenal,
determines a resonance frequency of the antenna, and radiates
a signal from the RFID tag chip. The feed line 1s formed 1n a
meandering shape 1n a part of the second side, at the part
adjacent to the third side, and has lateral ends magnetically
coupled with the radiating patches for supplying power to the

RFID tag chip.

The antenna further includes a shorting plate formed 1n a
part of the third side. The shorting plate disconnects the
radiating patch and the first side, and controls the magnetic
coupling between the radiating patch and the feed line.

Impedance of the antenna 1s conjugate-matched with
impedance of the RFID tag chip.
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In this 1nstance, a relative dielectric constant of the dielec-
tric material 1s equal to and more than 20.

The feed line 1s divided into a first section extending in a
meandering shape 1n a direction from an end of the feed line
and a second section extending 1n a direction from an end of
the first section. The second section has a terminal 1n which
the RFID tag chip 1s formed.

A reactance component of the impedance of the antenna
corresponds to a circumierence length of the first section and
the second section.

A resistance component of the impedance of the antenna
corresponds to the size of the shorting plate.

The resonance frequency of the antenna corresponds to the
s1ze of the radiating patch.

BRIEF DESCRIPTION OF THE DRAWINGS

An exemplary embodiment of the present invention will be
described 1n detail with reference to the accompanying draw-
ings for clear understanding of advantages of the present
invention, wherein:

FIG. 1 1s a configuration of a conventional radio frequency
identification (RFID) tag;

FIG. 2 1s a configuration of an RFID tag according to an
exemplary embodiment of the present invention;

FIG. 3 1s a configuration of a feed line of an RFID tag
antenna according to the exemplary embodiment of the
present mvention;

FI1G. 4 shows an equivalent circuit of the RFID tag antenna
and a radio frequency (RF) front-end according to the exem-
plary embodiment of the present invention;

FIG. 5 shows impedance variation of the TFID tag antenna
with change of a circumierence length of the feed line accord-
ing to the exemplary embodiment of the present invention;

FIG. 6 shows impedance variation with change of an area
of a shorting plate according to the exemplary embodiment of
the present invention; and

FI1G. 7 shows a return loss of the RFID tag according to the
exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

In the following detailed description, only certain exem-
plary embodiments of the present invention have been shown
and described, simply by way of 1llustration. As those skilled
in the art would realize, the described embodiments may be
modified 1n various different ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as 1llustrative 1n
nature and not restrictive. Like reference numerals designate
like elements throughout the specification.

Throughout this specification and the claims which follow,
unless explicitly described to the contrary, the word “com-
prising’ and varniations such as “comprises” will be under-
stood to 1mply the inclusion of stated elements but not the
exclusion of any other elements.

A radio frequency identification tag antenna according to
an exemplary embodiment of the present invention will be
described with reference to the drawings.

A radio frequency identification tag including a radio fre-
quency 1dentification tag antenna according to the exemplary
embodiment of the present imvention will be described with

reterence to FIG. 2 and FIG. 3.

FI1G. 2 1s a configuration of the radio frequency 1dentifica-
tion tag according to the exemplary embodiment of the
present invention.
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4

As shown 1n FIG. 2, the radio frequency identification
(RFID)tag 1 includes aradio frequency 1identification (RFID)
tag chip 10 and an antenna 100 (hereinatter, referred to as “an
RFID tag antenna™) for RFID tag 1.

The RFID tag chip 10 stores information on an object to
which an RFID tag 1 1s attached, and modulates the amplitude
and/or the phase of electromagnetic waves transmitted from
an RFID reader so as to transmit the object information. The
RFID tag chip 10 may control the amount of power by using
input impedance so as to modulate the amplitude and/or the
phase of the electromagnetic waves, and may include an RF
front-end having imput impedance.

The RFID tag antenna 100 includes a dielectric material
110, aradiating patch 130, a feed line 150, and shorting plates
171 and 173, and recerves radio frequency (RF) signals trans-
mitted from the RFID reader.

The dielectric matenial 110 designed 1n a ceramic cuboid
shape has a relative dielectric constant that 1s equal to and
more than 20, and a bottom surface of the dielectric material
110 1s a ground surface that contacts the object. According to
the exemplary embodiment of the present invention, the

RFID tag antenna 100 can be miniaturized by using a ceramic
dielectric material 110.

The radiating patch 130 1s formed on portons of an upper
surface of the dielectric material 110, and for convenience 1n
clectromagnetic-coupling with the feed line 150, surrounds
the microstrip lines 130 and 140 1n a predetermined distance.
Thereby, the electromagnetic-coupling 1s formed a space of
the dielectric material 110 between the radiating patch 120
and the adjacent microstrip line 130 or 140.

-

T'he feed line 150 1s formed on a part of the upper surface
of the dielectric material 110 and 1s partially designed 1n a
meandering shape, and 1s electrically connected to the RFID
tag chip 10 for supplying power thereto. In order to minimize

a feed length, lateral ends of the feed line 150 are connected
with the radiating patch 130.

The feed lines 130 and 140 of the RFID tag antenna 100
according to the exemplary embodiment of the present inven-
tion will be described 1n detail with reference to FIG. 3.

FIG. 3 shows a structure of the feed line of the RFID tag
antenna according to the exemplary embodiment of the
present invention.

As shown 1 FIG. 3, the feed line 150 of the RFID tag
antenna according to the exemplary embodiment of the
present invention 1s divided into a first section 151, a second
section 153, and a third section 155, and has a horizontal

length L and a vertical length W.

The first section 151 extends 1n a meandering shape in the

rightward direction of the feed line 150 from a left end point
of the feed line 150.

The second section 153 straightly extends 1n the rightward
direction from an end point of the first section 151, and the
RFID tag chip 10 1s superimposed 1n a center portion of the
second section 153.

The third section 155 extends in a meandering shape to a
right end point of the feed line 150 from a right end point of
the second section 153.

The RFID tag including the RFID tag antenna according to
the exemplary embodiment of the present ivention will be
described 1n detail with reterence to FIG. 2.

Each of the shorting plates 171 and 173 1s formed on a part
of a side close to the RFID tag chip 10 among four sides of the
dielectric material 110, and connects/disconnects the radiat-
ing patch 130 and the ground. Each of the shorting plates 171
and 173 has the same horizontal length D and the same size.
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In this 1nstance, the radiating patch 130 and the feed line
150 are magnetically coupled with each other, and the mag-

netic-coupling serves as an impedance transformer in the
RFEID tag antenna 100.

The RFID tag antenna 100 according to the exemplary
embodiment of the present invention can control a resistance
component of impedance of the RFID tag antenna 100 by
changing the horizontal length D of each of the shorting plates
171 and 173, that 1s, the si1ze of each of the shorting plates 171
and 173.

In addition, the RFID tag antenna 100 according to the
exemplary embodiment of the present imvention can be
designed to control a reactance component of the impedance
of the RFID tag antenna 100 by changing the horizontal
length L and the vertical length W of the feed line 150, that 1s,
the circumierence length of the feed line 150.

Further, the RFID tag antenna 100 according to the exem-
plary embodiment of the present invention can be designed to
be resonated at a resonance frequency by changing the size of
the radiating patch 130.

An equivalent circuit of the RFID tag antenna and the RF
front-end of the 1s RFID tag chip according to the exemplary
embodiment of the present invention will be described with
reference to FI1G. 4.

FI1G. 4 shows an equivalent circuit of the RFID tag antenna
and the RF front-end of the RFID tag chip according to the

exemplary embodiment of the present invention.

As shown 1n FIG. 4, the equivalent circuit includes a volt-
age source, impedance of the RFID tag antenna 100, and
impedance of the RF front-end. The voltage source and the
impedance 7 of the RFID tag antenna 100 form an equivalent
circuit of the RFID tag antenna 100, and the impedance Z_ of
the RF front-end of the RFID tag chip 10 forms an equivalent
circuit of the RF front-end.

The impedance 7, of the RFID tag antenna 100 has a real
part R and an imaginary part X _, and the impedance Z . of the
RF front-end has a real part R . and an imaginary part X _.

The RFID tag antenna 100 transmits the maximum power
to the RF front-end of the RFID tag chip 10 by conjugate-
matching the impedance 7, of the RFID tag antenna 100 and
the impedance Z . of the RF front-end as shown in Equation 1.

R.=R,

X =X [Equation 1]

A general impedance value of the RF front-end 1s about
5082, but 1n the exemplary embodiment of the present inven-
tion, the impedance of the RF front-end has a random com-
plex value. That 1s, the impedance 7 _ of the RF front end has
a small resistance component R . and a large capacitive reac-
tance component X . Therefore, the impedance 7 of the
antenna should have a small resistance component R and a
large inductive reactance component X | and should simulta-
neously resonate at a corresponding frequency.

The impedance 7 of the RFID tag antenna 100 can be
designed to have a small resistance component R | by chang-
ing the size of the respective shorting plates 171 and 173.

In addition, according to the exemplary embodiment of the
present invention, the impedance 7, of the RFID tag antenna
100 can be designed to have a large inductive reactance com-
ponent X by changing the length of the feed line 150.

Further, according to the exemplary embodiment of the
present invention, the RFID tag antenna 100 can be designed
to be resonated at a resonance frequency by changing the size
of the radiating patch 130.
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6

With reference to FIG. § and FIG. 6, impedance variation
of the RFID tag antenna according to the exemplary embodi-
ment of the present invention will be described 1n detail.

FIG. 5§ shows impedance variation with change of the cir-
cumierence length ofthe feed line according to the exemplary
embodiment of the present invention. In FIG. 5, variation of
the impedance Z  of the RFID tag antenna 100 with change of
the circumierence length of the feed line 150, that 1s, the
horizontal length L of the feed line 150, 1s plotted on a Smith
chart.

As shown 1n FIG. 5, when the horizontal length L of the
feed line 150 1s changed from about 11 mm to about 12 mm,
the resistance component R ofthe impedance 7. ofthe RFID
tag antenna 100 1s maintained 1n an almost constant level but
the reactance component X  of the impedance Z_ of the RFID
tag antenna 100 1s increased.

FIG. 6 shows impedance variation with change of the size
of the shorting plate according to the exemplary embodiment
of the present invention. In FIG. 6, the impedance 7, of the
RFID tag antenna 100 that varies with change of the size of
cach of the shorting plates 171 and 173, that 1s, the horizontal
length D of each of the shorting plates 171 and 173, 1s plotted
on the Smith chart.

As shown 1n FIG. 6, when the horizontal length D of each
of the shorting plates 171 and 173 1s changed from about 6
mm to about 7 mm, the reactance component X  of the imped-
ance 7 of the RFID tag antenna 100 i1s maintained in an
almost constant level but the resistance component R | of the
impedance 7. of the RFID tag antenna 100 1s increased.

An operation bandwidth of the RFID tag antenna with
reference to a return loss between the RFID tag antenna and
the RFID tag chip according to the exemplary embodiment of
the present mnvention will be described with reference to FIG.

7.

FIG. 7 shows a return loss of the RFID tag according to the
exemplary embodiment of the present invention. In this
instance, the volume of the RFID tag antenna 100 1s about 25
mmx25 mmx3 mm, and the ceramic dielectric material 110

of the RFID tag antenna 100 has a relative dielectric constant
ol 48.

As shown 1n FIG. 7, when a reference return loss between
the RFID tag antenna 100 and the RFID tag chip 10 1s about
3 dB, the operation bandwidth of the RFID tag antenna 100 1s
about 17.6 MHz.

According to the exemplary embodiment of the present
invention, a small RFID tag antenna can be realized, an RFID
tag that can be attached to a metal material can be realized,
and an RFID tag antenna that can be efficiently matched with
an RFID tag chip by controlling impedance of the RFID tag
antenna can be realized.

The above-described embodiments can be realized through
a program for realizing functions corresponding to the con-
figuration of the embodiments or a recording medium for
recording the program in addition to through the above-de-
scribed device and/or method, which 1s easily realized by a
person skilled in the art.

While this invention has been described 1n connection with
what 1s presently considered to be practical exemplary
embodiments, 1t 1s to be understood that the invention 1s not
limited to the disclosed embodiments, but, on the contrary, 1s
intended to cover various modifications and equivalent
arrangements 1ncluded within the spirit and scope of the
appended claims.
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What 1s claimed 1s:

1. An antenna for a radio frequency 1dentification (RFID)
tag having a RFID tag chip,

the antenna comprising:

a dielectric material having a first side that 1s adjacent to an
object, a second side that 1s parallel with the first side,
and a third side that connects the first side and the second
side;

a radiating patch formed on a part of the second side,

determining a resonance frequency of the antenna, and
radiating a signal from the RFID tag chip; and

a feed line formed 1n a meandering shape 1n a part of the
second side, the part being adjacent to the third side, and
having lateral ends magnetically coupled with the radi-
ating patch for supplying power to the RFID tag chip.

2. The antenna of claim 1, further comprising a shorting
plate formed 1n a part of the third side, disconnecting the
radiating patch and the first side, and controlling the mag-
netic-coupling between the radiating patch and the feed line.

10
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3. The antenna of claim 2, wherein impedance of the
antenna 1s conjugate-matched with impedance of the RFID
tag chip.

4. The antenna of claim 3, wherein the dielectric material
has a relative dielectric constant equal to and more than 20.

5. The antenna of claim 4, wherein a resistance component
of the impedance of the antenna corresponds to the size of the
shorting plate.

6. The antenna of claim 4, wherein the resonance frequency
of the antenna corresponds to the size of the radiating patch.

7. The antenna of claim 1, wherein the feed line comprises

a first section extending in a meandering shape from an end

of the feed line and

a second section extending to a direction from an end of the

first section and having a terminal 1n which the RFID tag
chip 1s formed.

8. The antenna of claim 7, wherein a reactance component
of the impedance of the antenna corresponds to a circumier-
ence length of the first section and second section.

¥ o # ¥ ¥
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